Searching PAJ 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2001-223433 
(43)Date of publication of application : 17.08.2001 



1/2 v 



(51)IntCI. 


HOIS 5/183 




(21) Application number : 2000-057254 

(22) Date of filing : 02.03.2000 


(71) Applicant : RICOH CO LTD 

(72) Inventor : JKUTANI NAOTO 




(30)Prlority 

Priority number : 1 1 339267 Priority date 


. 30.1 1 .1 999 Priority country : JP 





(54) VERnCAL CAVITY SEMICONDUCTOR SURFACE EMISSION LASER ELEMENT AND OPTICAL 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vertical cavity 
semiconductor surface emission laser element having good 
characteristics which oscillates In a 630 nm to 660 nm 
wavelength range and also provide various optical systems using 
the same. 

SOLUTION: Laser oscillation light is emitted from an opening of 
a p-side electrode 112. The thickness of each layer constituting 
DBRs 104. 108 is set to an integer times as large as an optical 
distance X/4. and the thickness of clad regions 107. 105 
including an active layer 106 is set to an integer times as large 
as an optical distance X/2. For the active layer 106, GalnAsP of 
such a composition as to provide oscillation light of 635 nm 
wavelength is used. In part of each DBR. AlInAsP including As in 
its composition is used. As a result, there are no hillocks 
generated on the grown surface and a uniform interface can be 
formed, which improves the characteristics of each DBR, 
reduces the number of laminations, reduces the resistance of 
the element, and improves element characteristics such as an 
oscillation threshold current value and the life. By using this 

laser element as a light source, various optical systems of a high performance can be realized. 
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tLXimt^o 

[0 0 4 7] A 1 Ga I nPOJ:9lCA 1 ^"tO^^i* 
^Tfe^^icti. A l7T:^tJ:S^ffi7tSlFS-&. ^^^^ 

T'fe?>rSttl3£2l;:^itP.n?.^#i*l<DA 1^*114 
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Gain ?^^^^)7m\:^j^ibmtt^'2>^t>''$>^o 
[0 0 4 8] J:«Dili:l±. tj!t3i5o^Mii^i^A^e.^fi)t^n 

^^m^\c^^^xm(Dmmx'&^fi\ ^m<o^o 

tLG a A s fcG a P(DP^©*S?^ST'«G a 1 n PKlJ: 

^kiTim^^^^^^'XB^-r^'^tifxt^. 
[0 0 4 9] 03 a. ii*S3f5«©Mia^p^3H*® 

^7tl/-^f^i^'O^flii«'J^tttWt-S/-ci6©0T*$So |p1 
SJCfc-V^T. nmmms ok n - G a a s PSSS 0 
2. n-GaAsPStS3 0 3, n-Al InAsP/ 
Ga I nP*>?.*§DBR 3 0 4. S i OzSfe^lS 1 

0. p«ismffi3 1 1*^ mmmi (so nijms 

101. n-GaAsPS«l 02, n-GaAsP-'^ 
•y 77103. n-Al InAs P/G a I n P*^P)ft 
5 D B R 1 0 4 . Si 02^ii^/i 111. piJffi 1 1 2 

[0 0 5 0] m3(Dmm^m^mwm^^iy-^^'^^^ 

*50^T. rg14l3 0 6(D4i^<***^«:Ga InAsP. 
4^-\''J7P^Dji4&®3 0 5. 3 0 TD^mi^^n^7y 
K-^G a In P i: LT. ^SSt^U 1 iimm<0l5m. 
T'p-DBR3 0 8$-e^«lLfc^. p-GalnP 
3y^'^7H3 0 9^«ML. 7*h';V^77^-lC 
J;orPS^*Xh/^^-y^JBfi)tt. G a I nPny^SJ^^ 
HA^ P. ^ 7 Kl 3 0 6 * T'CO U-i/'X h trnm-^tlX 
V^^V^mi^^X-y^yyi^SbT p§yD B R^>i^X hVi 

[0 0 5 1] CVD^ICJ;SS i 0^ 3 1 0^ 

ii^b. 7*F'jy^>*^7'r-lc<toTp§aDBR±i;: 

^it. p§yDBR±lCP3}BOb->*XFvX^ 
*Jg^L. pfjjm®t*5^^^«t/-d^. Ixi/'XFVX^ 
±OSS*ti^*U7h:t7t. K-:?-^y4^Mffi3 1 1* 

jBfiRLTv-So f /t. nmnms o i as«sT«©^. 

[0 0 5 2] DBR<D-gPlC«A s^^fiJtt-^tfA 1 I 
nAsP^fflt/^/c. cniCjioT. ^SSI^Jl tlBimcE 

[0 0 5 3] (^]J!§0IJ 4 ) -Mmm 4 fi. HaRS 4 IB^CD 

]S 4 lcfe«$nfc5IWl4. ^fli-r^ ysMss*^ g a a 
s i: G a P mo^^l'^m^ t. ^^^77 y 

y^^vM) t\.x. %WLmznLxmw^^m';i^m^ 
[0 0 5 4] ii*«4i5^©%^tj;nif. 

0 ;&i:5rc:J6®^»i*S (3>^^FM) *'«fSmfu^^L 
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tLX. t^iJ^lfGa As P, Ga I n?rji}it>mf^tl 
So G a A s i: G a P<DF^£0«^^aT't4. G a I n P 
ti, 6 3 0~6 6 0nm^<O)tU:WUTS^T'Si.<D 

[0 0 5 5] G a A s PtiA s^O. 6 3gJtJ-::(±T' 

SuflJb^T'tSo $fc. I^ii^H-lf^^^tJGaAsP 
<0m'^^^\^'if7L^(DX\ DBR. SSlClg^M'&tT 
2^4G a A s P®J£t#5i:i:*^T't^v>^^{i, 
J&^-rS^liJttilittTSWSrG a A s Pl^ffll^Tfe 

[0 0 5 6] sfc. :^mm^m^mwm^ytu-^m^ 
xii. m^m4<DmmmtLx. ^y^^hiicp-G 

a I nP^ffll/^fc (03#8g) o ±I2S«tC*S?®^-r 
?,G a I n Pa?IS3tfi:WLSWT$.5'^T'l^i-r§I 

[0 0 5 7] ^mmm<Dmm^m^mi^mn^u~^m 

Wti^m\Cii6 3 5 nmO5ili7t*M#e>n5l&fi)c<0G 
a I nksP^mi^Xl^^o Sfc. U 7P^i:ii*)i 

^ffifigt^S^i'^ ii©i9li:?g14M«^A l7C^«:-^ 

[0 05 8] mm\ 5 ) "mm s \t. mm^ s i2ii« 

3g5i2ic©5gW«^ 5^^5y^-y^'SM8S*^G a A s i:G 
a P ©^CD*Si^^a%*U, A 1 A s zi P .-.4 ( 0 ^ z 

mix&^o 

[0 0 5 9] imm5mm<D^micxni£. <fc»)'>*i/^ 

G a A s ^G a P ©P^cD*&?SaT'{i. Sl>ff§©**5f^i: 
LTAl I nPOftettAl AsP^II<*1?t3^^ffl<'^5i: 

[0 0 6 0] A 1 A s P(Dffi»T^{i|Bli:*Si^^SOA 1 
I nP¥»tt*^3l4i:i±«JbT/h^v^i:M«feP>nSo C 

^l^HtiC^^. ii^oT. A 1 A s P/G a I n P<D« 
li«5ilC<koTJB«^nSDBRtt. AlInP/Ga 
I n P<DiMli|i3it<tSD B Ri:J±'<'>^l/^SS(T'^^^ 
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v><: A s m0.tl^:K^ < ^ 
[0 0 6 1 ] 04 ti, ll««5l2it©SS^i§4i»f*ffi 

0^C^3^/^T. n®jmiS4 0K n-GaAsPS«4 0 
2. n-GaAsPS«4 0 3. T^K-^Ga I nP 
4^^'J7F^l:i?sfcl4 0 5. 4 0 7. p-GaInP3 

^^^^^4 0 9. s iOzimm^io. pmnm4 

1 \ mmms ms) ©ndJmffiSOK n-Ca 
10 AsPg«302. n-GaAsPS€303. 7>H 
-T'Ga I nP+^';7P^i;j^.i6l3 0 5. 3 0 7. p 
-Ga I nP^y^^MS 09, S 1 Oa$6^l3 1 

0. piPM®3 1 nc, ^n€nwfKLTv^5o 
[0 0 6 2] m4(Dm^^m^miif-^^ytu-^mi 

tt, DBR«riglBK1-5ii*A 1 As P/Ga I n P i: L 

xmmms tmm(Di5m. ^imzx-^xm-^nxi^ 

Lxm&mim^tmmok i a s p/g a i n p 
^m\^^x\.^^^xmmm3<om^ (0300 br 30 

20 4, 3 0 8#Bg) i:S^-^TI/^?.o ilUlg^^^ST'tiA 
1 A s ?(Dl]iS^k 1 I n?tit^mtf\mti^^^^'<^'C\ 

ctiKii-DXDBRcommm^tciiti^x^. mi^ 

m^iSMT'tSo Sfc. A 1 A s p ii:^>»c-r ?.ffi<0^ 

^i4:lt±Ga I n Pm;inr*feoTt ctV\ ^J^tf. A 

1 GaAsP^ffli-mf. G amn(om*)m^<Dwc^ 
oTDBR<D«l^^ia-r5i:i:*^T'#. -I^iaig^:*: 

[006 3] (nmm e ) ^ss^ij 6 it. mM 6 fB®<o 

metm<onmii. ^^^y^-y^'SMS^^G a A s fcG 
a P©P^a)^gi^^§C^^-r §^iS^?i*^<*®5^3t^- 
-^f^^^C^3l^T. ^^i7^>y^'SWi§^^^1"S^3ii* 
li(D-g|5tA 1 A P.-.S (0<z 5^1)11^-^ 

3^. ccDA 1 A s Tm^mmitxmcx-^xmitL. 
nmmmmmf&Lxi^'^o 

[0 0 6 4] eOB?. A 1 A s PSaOBR^^^f § 

If^jfiW^A 1 A s PJifcL. ^©fte«D(aS#T^®^A 
40 1 I n A s P i: LXmrnmit^'iT^ii. tgHliSiatCtD 

3^A 1 A s picj:?,^{i:^ii?*^jgfi)c^n. mimfi^^ 

[0 0 6 5] ^P>tC. CWISA 1 A s PKifte<DDBR 

mmt'Z^tLi>i^im^Lxi^?>'jii'mii^ji<. 

^LTI/^rtcfcl-o DBR©-a5li:(05^fflV>n{f.fcl/^<?3 
T\ A 1 Asl^ift;*:t^^ra14cDiaT^4i;-ricffl 

[0 0 6 6] nmm&mm(^nmicM£. mmnmo) 

50 /hS^ffi^^t^^i*^— If^^^tt^^^i^*^"^*^^" e« 
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BR^m^t^k 1 A s ?m\m7tmiik i o^^r-fe 
{i.m^WRVii^^itt'^x D B Rfpicnrnk^m^^w 

*)o^i5!ltl3^X'^^o CtlKXr^XDERmcnrnk^ 

CO 0 6 7 ] 0 5 fi. mi!^m6t2m(Dm^m^mwm 
n^u-^m^(Dmmm^mmt^rzib(Dmx*&^o m 

SlCfc-l^T. n®J«@5 0K n-GaAsPS«50 
2. n-GaAsPM«5 0 3. A 1 A s P/G a I n 
PDBR 5 0 4, 7yH--/Ga I n P^^P^ U TP^Uiis 
i6ji5 0 5. 5 07, G a I nA s PrS14S50 6, p 
-Ga I nP3>^f^M5 10, SlOzSfe^MSl 

1, pmnms i z*^ nmms m^) <onmnm4 

OK n-GaAs PS«4 0 2, n-GaAsPS® 
4 0 3, A 1 As P/Ga I nPDBR 4 0 4, T^H 
-:^Ga I nP:^r^U7P^i:ii46l4 0 5. 4 0 7, G 
a I nAsP?S14a4 0 6, p-G a I n P 3^^^ h 
14 0 9, S 1 Oz$6^/i4 1 0, p<l!J«ffi4 1 nc, 

[0 0 6 8 ] a 5 (DMil^P^^i*®^!^— 9*^^ 

i±, tmmm<D P-DBR508 ^m^t^M^ p - a 

1 As P/Ga I nP^tTllM§^J5 (04) illplfil^^ 
y^m. ^lilCctoT p-D B R>&d?X h^^lCiinlLfdt 

tc, 7m%nmmi^^^^xi}mL. x-y^ye/asa*^ 

&A 1 A s Pl*i?{t^5i:i:T-mSiiBt^«iS«tSltT 

i>?.o co^, nsfips (0 4) tiRiawm T^aic 

[0 0 6 9] A 1 A s Pltilllfi^TC^^^A I (D^X^ 
^Ctt-lbM I nAs P%ifti:it-CT^<t^n^r< 
ai4lljaffl<^>D B RO^U^fcA^iityo D B R^f*^ A 1 
A s P/G a I n PST'^fiKLTt iV^*^ ^£>SlC,^ 
^Strt^ai< t^i/>/j:i6lct,, 05^c;I^■r j:9li:jS14a 
lC3ai/^fl«<0*^A 1 As P/G a I n?mtt^Cttl^ 

[0 0 7 0] sfc, ?gi4ij£so-^^^iR^^fr^« 

^icti, A 1 A s P/G a I n P ^l^Jii^^-^t^ 0 A 
1 A s/G a I n Pi®l«igi: LT t^Ss^al^^fST^^i 

#^®^)tu-9'^7{i, mm^mT^K^oxmmw. 
m^iSM^^^'^tt^xt. =t(Dm^. m^n^^\^±. 

[0 0 7 1] immmi) mmmm. m^^7mm(o 

m7tm(0^mX{i. 1^1p-:ryymMmt,'^C a A s t 
G a P<DF^(D:|S^^Sl**-r5S«^P^#l*®5l^^ 

AlAs^P.- (0^2 6^1) ^^f*l*^*. ^ 

A 1 A s pe3b<M«?S?fkx®fi:<t^T:«j?iiK'?«5i*}^ 
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^LX\^^^!lt^^WitLX\.'^o 
[0 0 7 2] CCDI^, A 1 A s PMlifteODBR^fiKJi 

t'2>-rLt^^m^Lxi'^snii^£<. m^i-^^Lx, 

V^Ttii/^ 1 0 nm~2 0 nniSST'+^**^^#5) 
n§OT% A 1 A sl*i:t.:*;t^$£p^Bl40fgT^4i; 

[0 0 7 3] IS«Jl6tDlttWez!i'^fcJ;5t;:, A l A s 

vmiiM'mituiii-oxmimtLximt^o n^m 
7 iBiE©^^ii: «fc tummnm'i^is rjim^mmw v 

10 -^f^^«r^#5il^:*^T'tSo 

[0 0 7 4] mmm\i^'^m\v&.\^'^^wmm& 

So .toT, ii*S7ie©®5iwicinif, ^m-^^n. 
Wkn^'i'io c tm-^^o ttc. A 1 A s p®®^w 

[0 0 7 5] 06 a, m^mitmoymM^m^m^m 

01C43V>T, nfflMffieOl, n-GaAsPS«60 
20 2, n-G a A s P/'^-yTT 6 0 3, A 1 I n A s P/ 
GaInPDBR604. 6 1 1 , 7^ F-:^G a I n 
P+^UTlflCjifeliB 0 5. 607, GalnAsP 
gttlBOB, p-Ga I n Pny^^^bSe 1 0, S 

i o^mmme 1 2, piM®6 1 3*^ mmmd m 

3) OnfiiJlffiSO 1, n-GaAsPSffi3 0 2, n 
-GaAsP»®3 0 3, A 1 A s P/G a I n P D B 
R3 0 4. 3 0 8, ryK-^Ga I nP + +U7P^l: 
i\fcl3 0 5, 3 0 7, G a I n A s PrS14l3 0 6, 
p-Ga I nPa>'^^Hi3 0 9, SlO.*6^l3 

30 1 0, pmnms i nc, ^ti^ennj^Lxii^^o 
[0 0 7 6] meomw.^m^mii^m^ytu-'^m'fX' 
ti, mmm 3 i: ihi«^©7?^#mic x-^xryv-^Gz 
in?^^rV7m\^iM!bm6 0 7^xmmLrc^. p- 

A 1 A s P*JSS^iS^tl6 0 8. 7:/K-7'G a I n P 
+^i;7P^i;3iJ6l6 0 9, p-G a I n P3>:5f^ h 
16 1 0, 7yH-7'A 1 I n A s P/G a I n P©« 
l®jiJ:ti*5DBR6 1 l>&«lt, 7:J- hUV^^ 
7f-li:J;oTRJg©b->*Xhvx^^m^L, DBR 
±1*^P>G a I nPn:/^J^H6 1 OST'OSl^flS 
40 ;>:x-y^ymiL, DBR6 1 l^Jj^Xhl^lCiQXL 

[0 0 7 7] ythVV'^'^y^-l^^^X^'f^X 
hV^D B R 6 1 1 (D^mKPiB(r>Ui/7. hVX^^Jgfig 
U Ga I nPny^^M6 1 0*>c.Ga I nP^v 
•y FS (4^^ U 7r^i;ji46S) 6 0 7 ST'(OSl^)i^ 
X >y ^ y L /Co mz7mM^m%^KXhU^L. 
A 1 A s P|Sa«?K<k«6 0 8*i^ffiA^P>S<k$-t*-, ^ 

50 [007 8] :^mmm<Dmm^m^mmn^ u-^m 
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[0 0 7 9] $fc. A 1 As P%$SS?Kftl6 0 8tDJi 
Onm~2 0nmgSi:+^^^T'cl;l^OT% A 
1 A s PlfD^ttJOlCA 1 A sl^fflV^Tt^^ali^* 10 

[0 0 8 0] $fe> W±©llfiiSm^TS«fc tr G a 
A s PSfi^fflV^fcA^ Gain PSftJ&ffli/^Tt, J: 
< Ga AsSfe^5:if®±li:, V P E^^HtilioT^ 

[008 1] (^liis^J 8 ) %im 8 {i. 8 teao 

S8I2«®5§W«. G a A s i: G a P©P^®tS?SSl^ 
:g1-SA 1 Ga I nAsP¥3li***5|^ti:.t5DBR:&W 20 

D B R ck t) ISi 0 tBI- C i: ^!tt^ i: tTt/>5o 
[0 0 8 2] W*«8lfim(DSiS?^r§4^«t*^— y'^^' 

[0 0 8 3] S7ii, is*®8ieic©sa^P^»i*® 

0lC*5l/^T. niPJj«@8 0K n-GaAsP/Vy77 
8 0 3. Al I nAsP/Ga I nPDBR 80 4, 8 30 

0 8. 7yK-yGa I n P4^-V U 7P^ Cj^^fcl 8 0 
5. 80 7. Ga I nAs PrSttM80 6. S I Oz*fe 
Mtl8 1 K pffl!J«ffiB 1 2*^ %mmi (06) cDn 
tlJ^iSeOK n-GaAsP/Vy77 6 03. Al I 
nAs P/Ga I nPDBR6 0 4. 6 1 K7i^H- 
yca I nP + tU7P^i:ji«6l6 0 5. 6 0 7. Ga 

1 nAs P?i14»6 0 6. Si0.lfe^»6 12. pfflO 

m@6 1 3tc. ^-n^nwiSLTi/^So 
[0 0 8 4] mKom.^m^M'mmx'-'fm- 

«. ^S-^SSttT. VPESlCioTn-G a PS 4( 
i4:SjK8 1 3±tGaP*^P.GaAs P'v^^tfflfiSt^g: 
^^t^-arfcn-Ga AsPSS^MPliS 1 4. *3±tfn 
-G a A s PlP^^fi5tS^^i■/cG a A s PSfe^fflt/^T 
f^ii^nTV^?)o r514l8 0 6ti. fltgiSS6 3 5 nm 
(7)Ga I nAs P^#i*tf3|^i:L. GaAsPS«8 1 
3 tirS14ii 8 0 6^0 H^^ 

[0 0 8 5] ^ 
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fiRb. nffiumffis 0 1 ^i^atfc^Pi/'x h±«<i«'^ 

(DU7^t7*^To/-dt. U7h*7g|5'\f«MStg©l 
/ \%^W^<^^ i 02SMI?S±^8 1 S^iE^bfCo 
[0 0 8 6] G a P«i*»^S8 1 3 15 it/^^SSt^J^G 
a A s P^fiEM^lS 1 4 T'(D^1g7t©Mt±fe^T't 

i:LTVPESK:J:SGaPS(*»S8 1 3±(DGaA 
0 s PS« (8 1 4. 8 0 3) «ffl(/^Tl^§*^ fftOSSBt 

iRiD^i/^S^iiL-rtiCO^ftlCfeGa I nPSS*H% 

[0 0 8 7] (ll)5fi««J9) ^SS^J9li. il««9^ctt; 

m^mmm<Dnmi. g a a s f:G a ?<Dm(D 

i(g?SS^=&-rS A 1 G a I n A s P ± 5 

T. LTG a A s PSfi^ffil^aM'JD B 

20 Ri:a«(DPItCGa I nAs PX'y^>^^Xh-yyi^ 

[0 0 8 8] ||««9fH«OMiI^?i^«^*^— 
icititf. tl*«8i:I^«li:aSfflfJ*^P.Jtai;^^lioai 

M^4T5G a A s P^StS^; tTffll/^fc^.O^tail* 

[0 0 8 9] GaAsPti. A s SfiltO. 6 3U±T'li 
6 3 0-6 6 0 nmfD^JcWLTtiSWT'^^^o tJfoT 

mm.^tmnif^&^o GaAsPa«©x>y^^r 
cne)(DX-y^-vy hii A 1 G a I n A s PlcWLTt) 

[0 0 9 0] L*^L. Asffifi!c*^GaAs PStfe<OAs 
IfifigiOt'h^^Ga I nAsP^3it**ti^T'{i. cn 
eoDx^y^^^yh^fflt/^/c^OGa As PSffiil©^ 
40 tR-ft^^^l/^ ttfoT. DBRg|5i:Sfei:<^P^lz^G a I n 
A s P ^«<*M^x -y ^ > ^-X h -y 71 i: L T^lt 5 C 

[009 1] 1 ofB«<oSiiSP*^<*ffi^)ifcu 

— y'^i^ti. G a A s i: G a PCDfl|(0<S^SS(^^TS 
A 1 G a I n A s P^|iai^**5^4lCiS D B R^ttSl 

LTGaAs PSfe>&fflV\ SfeiJD B R fc»®<0f5ti: 
Ga 1 nPX-y^y^^-Xh^yyii^^ttfct^-efeSo 
[0 0 9 2] 1 OEDc'DMiiSji^^i*!-'— 

50 ^K^m. m^mtmmicmm\t^^ytiiiti^m'o 



(10) 

17 

G a A s ?^m^t Lxmi^^rcf^ffyjftiiim^<om^m 

[0 0 9 3] Gal nAs PX>y^yyxh-yy/il±, 
5„ x-y^y^Xh yT'l^Ga I n Pt-T^C i:T'X 

X'h^o nm\C^^^t. niaiMffi9 0K n-GaAs 10 
PS«90 2. n-GaAsPA'y77903, T^F 
-T'Ga I nP:^^^U7Bfli:i?^46S9 0 5. 9 0 7, G 
a I nAsPS14l9 0 6. S i Oz*6^9 1 0, p 

ij«@9 1 iA\ nmmi (06) ©niijmffieo K 

n-Ga As PS«6 0 2. n-G a A s P/^v 77 6 
0 3. T^F-yGa I n P+^ U 7P^i:i^i6S 6 0 
5. 6 0 7, GalnAsPrSftl6 0 6, Si02*fe 

mmei2. piis@6 1 3tc, ^-n^nwistTi/^ 

So 

[ 0 0 9 5 ] 0 8 tC?x^tlfcSil^Pi|^«i*ffi5t7t 20 
^mM. n-GaAsP^#f*S«902i:n-DB 
R9 0 4 h<Df^tCn-G a I n Px-y^>^;^ F 
9 1 2^i3ltT^ia^nTl^So n-G a A s P^#» 
Sfi9 0 2(i, i&^mm'^G a k siCtiLX- 1 . 4% 

m^trji^m^^^ri^'^o trc. ^^mmmr-n. d 
B R 9 0 4 (ois.mmm^A 1 1 n a s p. mm^mm 

«A 1 GaAsPiiLTV^S. Sfc, 814^9 0 6 i:L 
T^lii!g:i*^6 5 0 nmi:^5fflfi£©G a I n A s P^ 

[0 0 9 6] usseiii mi^m) tsxxsmmis m so 

fc^, Bgi?^X'y^^>hl^<toTGa I nPX-y^y 
':fXh'yfm9 1 2$T-Sfe^x-y^^^mitfco 
^3^xy^-V>'Fti, DBRiltn\CMir^WSimm\^- 
fcMz. xyf-y^XF-y:/®*^lt*«'^^^«SSO 

f s ci A^n b*^o rct)\ ^mmmx'ii:3L >y ^ 

y^fXF«y^S9 1 2lC<toTa«cDX«y^y^^5i^. 

[0 0 9 7] mm^mmmn^u-^m^ff^ 

[0 0 9 8] Sfc. *Sil^Pi|iSS<*[S%^l'-1f^? 
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tSo :^mmu^m^mn^i--^m'i'm\^' 
[0 0 9 9] $fc. ^mmmmi^m^ytu-^'^^^ 

ri*J;'3{£=iXh^P0F (Plastic Optical Fib 

er) Kii^mmmo^yt^-jV'p—^r'it. yr-('^-¥i 

il^T'feSPMMA (7^y;H8lii) ©(a«*^»-i4{SL 

T'fes„ $/c, Li[\<omm^^\^^^^'^^t. Hpfea^i 

[0 10 0] 

ic^m. DBR^As^!afig^C#^/^A 1 InAsP 

p>nSo i:nicj;oT> h^xm^^^^^ti^^fi'^^ 
[0 10 1] %%M2%m(owm\Lx.m. rsi4/i=&G 

a I nAs P^«*tti^i:Lfcili:{C<tO, GalnP 
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